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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Recently, the GSM network is seeing its greatest expansion due to the increased demand for mobile voice services in emerging markets.  Furthermore, most of these emerging markets have densely populated cities and limited radio spectrum.  MUROS would help operators in these countries to alleviate the strain on their networks.  New techniques are required to improve the voice capacity on the basis of reusing existing network equipment and radio resource. Candidate solutions proposed for MUROS in this feasibility study are based on multiplexing two or more users onto one time slot without degrading the speech quality.  These solutions are unlike the speech codec approach to increase voice capacity, e.g. multiplexing two GSM-HR mobiles onto one time slot but rather to multiplex four GSM-HR mobiles onto one time slot.
Editor’s Note: to be refined.
1
Scope

The present document is an output of the 3GPP study  item “Multi-User Reusing-One-Slot” (MUROS) [4]. 

It contains a section describing the objectives of the Circuit Switched Voice Capacity Evolution, and further sections presenting candidate techniques, which are evaluated according to their potential related to voice capacity improvement in GERAN. For this the design of a new set of training sequences with improved cross correlation properties to the existing set of training sequences is foreseen and expected to be evaluated. The study will also include the investigation of different optimised pulse shapes for MUROS for both the uplink and the downlink.  
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 
P.T. Brady, A model for generating on-off speech patterns in two-way conversation, Bell Systems Technical Journal (Sept. 1969), p. 2445-2472
[3]
3GPP T3GPP TR 45.903, v.7.0.1, Feasibility Study on Single Antenna Interference Cancellation (SAIC) for GSM networks (Release 7) 
[4] 
GP-072033, WID: Multi-User Reusing-One-Slot (MUROS), China Mobile, Ericsson, Nokia Siemens Networks, Nokia, Nortel Networks, NXP, Qualcomm, Telecom Italia, Vodafone, 3GPP GERAN#36
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Editor’s Note: to be added 

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Editor’s Note: to be added 
<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
Editor’s Note: to be added 
<ACRONYM>
<Explanation>

4
Objectives

The increase in user amount and voice traffic puts a huge pressure on operators especially within populous countries.  Furthermore, as voice service price gets cheaper, most operators face the challenge to obtain efficient utilization of hardware and spectrum resource.  The following performance and compatibility objectives are therefore defined for each MUROS candidate technique..
4.1
Performance Objectives 
Two performance objectives are defined.
4.1.1 
Capacity Improvements at the BTS
Objective P1:
The candidate techniques proposed under MUROS is expected to increase voice capacity of GERAN in 
order of a factor of two per BTS transceiver. The channels under interest for doubled voice capacity are 
both full rate and half rate channels: TCH/FS, TCH/HS, TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS 
with related associated signaling channels.
4.1.2
Capacity Improvements at the Air Interface

Objective P2:
The objective is to further enhance the voice capacity of GERAN by means of multiplexing at least two 
users simultaneously on the same radio resource both in downlink and in uplink. The channels under 
interest for doubled voice capacity are both full rate and half rate channels: TCH/FS, TCH/HS, TCH/EFS, 
TCH/AFS, TCH/AHS and TCH/WFS with related associated signaling channels. 

The co-channel and adjacent channel interference increase with number of users, which leads to the 
decrease of C/I and frequency reuse. The balance between low frequency reuse and high timeslot reuse 
should be considered carefully.

4.2 Compatibility Objectives

Five compatibility objectives are defined.

4.2.1  
Maintainance of Voice Quality

Objective C1: The introduction of the candidate techniques proposed under MUROS should not decrease voice quality 



as perceived by the user. In particular a voice quality better than for GSM HR should be ensured. 

This is due to the fact that in case of sub-channels, being allocated in the same time slot within the same 
radio frequency, the influence of the inevitable inter-channel interference (ICI) on voice quality and 
actual proportion of the subscribers sharing the same time slot cannot be ignored.  
4.2.2

Support of Legacy Mobile Stations
Objective C2:
Support of  legacy MS by candidate techniques proposed under MUROS identifies a further MS related 
objective. No implementation impacts shall be required for legacy MS types.  First priority has the 
support of legacy DARP phase 1 capable terminals, whilst second priority is given the support of legacy 
GMSK terminals notsupporting DARP phase 1 capability. 
4.2.3
Implementation Impacts to new Mobile Stations

Objective C3:
The introduction of the candidate techniques proposed under MUROS should change MS hardware as 




little as possible. Additional complexity in terms of processing power and memory should be kept to a 




minimum for a new MS.

4.2.4
Implementation Impacts to BSS
Objective C4:
The introduction of the candidate techniques proposed under MUROS should change BSS hardware as 
little as possible and HW upgrades to the BSS should be avoided. 


Any TRX hardware capable of multiplexing more than one user on a single ARFCN time slot shall 
support legacy GMSK mobiles, this includes non-SAIC mobiles and SAIC mobiles.





Impacts to dimensioning of resources on Abis interface shall be minimised.
4.2.5
Impacts to Network Planning
Objective C5:
The impacts to network planning and frequency reuse shall be minimised. Impacts to legacy MS interfered on downlink by the MUROS candidate technique should beavoided in case of usage of a wider transmit pulse shape on downlink. Furthermore investigations shall be dedicated into the usage at the band edge, at the edge of an operator’s 
band allocation and in country border regions where no frequency coordination are in place.

5
Common Working Assumptions for Candidates Evaluation 

This section lists the common working assumptions for the performance evaluation of MUROS candidate techniques that were discussed and agreed at GERAN#37 and are reflected in summary report [GP-080393].

5.1 General parameters

In this subsection general parameters for the evaluation of MUROS candidate techniques are listed.
Table 5-1: General agreed evaluation parameters.
	Aspect
	Working Assumption

	Definition of legacy MS type
	- First Priority: evaluation of  DARP phase I MS. 
- Second Priority: evaluation of legacy MS without DARP phase I capability.

	Definition of new MS type
	Single antenna mobiles. No consideration of DARP phase II mobiles.

	Penetration level of certain MS types


	Share of legacy MS: SNON-MUROS 

Legacy MS include both:

· legacy MS without DARP phase I (share SNON-DARP)

· legacy MS with DARP phase I (share SDARP)

· constant ratio assumed for SDARP / SNON-DARP = 30 % / 70 % 
· total share of legacy MS: SNON-MUROS = SDARP + SNON_DARP;
Share of new MUROS mobiles: SMUROS 

with SMUROS = 0%, 25%, 50%, 75%, 100% and 

SMUROS + SNON-MUROS = 100%. 


	Propagation Environment
	Typical Urban.

	Training Sequences Optimisation
	· Usage of legacy TSC’s only to allow early adoption of MUROS 

· Usage of combination of existing and new TSC’s with improved cross correlation properties 
· Usage of new TSC’s with improved cross correlation properties only 

	Interference cancellation methods
	Specific interference cancellation methods are to be studied for DL and for UL.

	Transmit Pulse Shapes
	First Priority: legacy linearized GMSK pulse shape 

Second Priority: optimised pulse shape up to 270 kHz BW.

	Mobility 
	Both 3 km/h and 50 km/h

	Speech codecs
	GSM HR, AFS 12.2, AFS 5.9 and AHS 5.9   

	AMR codec mode adaptation
	Not required for MUROS study. Left optional to companies to provide results including AMR codec mode adaptation.

	Frequency Hopping 
	Activated.  Case no FH is FFS.

	Voice Call Model
	Voice calls are generated in the system simulator based on Poisson call arrivals and exponential call durations. The call arrival rate is set according to the load that is to be simulated in the network. The mean call duration is assumed to be 90 seconds, with a minimum call duration of 5 seconds.

	DTX
	The channel activity time in DTX on DL and on UL, comprising active voice periods and all types of GSM specific signalling blocks is modelled as follows: 

· activity factor of 60 % with independent channel activity on DL and UL. 
· mean channel activity time is 1826 ms. Note, the channel activity duration is exponentially distributed. 

· minimum channel activity time is 60 ms. 

· minimum channel inactivity time is 185 ms. 
 Note, the channel inactivity duration is also exponentially distributed.
· both the actual channel activity time and channel inactivity time shall be rounded to next lower or next higher multiple of 20 ms than the selected value from the distribution to enable sending of complete speech blocks. By this rounding the channel activity should be maintained close to the activity factor. 



	HW configuration per cell
	4 TRX/cell and  6 TRX/cell

	BCCH resource utilization
	For MUROS-1 and MUROS-2 network configurations, the resource utilization on BCCH carrier is specified as follows: 

- Timeslots for voice: 3

- Timeslots for data: 4

According to AHG1-080064, data channels are modelled by the simplified modelling assumption of the presence of GMSK dummy bursts in these time slots.

	Network Synchronisation Mode
	First Priority: synchronous networks.

Second Priority: asynchronous networks 

All network configurations (see subclause 5.3) will be first evaluated in synchronous mode. Network configuration MUROS-2 will also be evaluated in asynchronous mode. In case of major performance impact due to network synchronization mode at link level, all network configurations need to be evaluated in asynchronous network mode. 

	Multiplexing of Mobiles


	Optimum multiplexing of mobiles on the same physical resource will be studied for downlink and for uplink.

	Power Control
	Both DL and UL PC will be enabled (vendor specific). PC management needs to be performed jointly for all sub channels.

	Evaluation Output
	- Maximum network capacity gain as defined in 3.4

- FER statistics 

- SNR statistics

- Information on call drop rate (if available)


5.2 Definition of Model for External Interferers for Link Level Evaluations
In this subsection the interferer models specifying the profiles related to external interferers are described. External interferers are generated outside the serving cell.
Note, absolute performance characterization is given preference for the comparison to legacy TCH channel type for link performance evaluation. 
 As in [3] the link performance shall be evaluated for FER := 1%. Other FER ratios may also be considered.
5.2.1   Synchronous Network Mode

The link performance per each MUROS candidate technique shall be specified for the following synchronous interferer scenarios:
a) for a new MTS-1 (MUROS test) scenario with synchronous interferer

Table 5-2: MUROS Test Scenario 1 (MTS-1) with single synchrnous  interferer.

	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay range

	MTS-1
	Co-channel 1
	0 dB
	None
	no delay


Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type.  
Note: At MUROS telco#3 the working assumption was agreed to remove single 8-PSK interferer profile since the results  by different vendors did not show a major difference in performance compared to the case of a MUROS type interferer. The same applies for scenarios under b) , c) and  d).  
Interference performance shall be based on C/I for single external cochannel inteferer, where C is related to the received power accumulated from all subchannels in the serving cell and I to the received power of the single external cochannel interferer.
b) for a new MTS-2 (MUROS test) scenario with multiple synchronous interferers

Table 5-3: MUROS Test Scenario 2 (MTS-2) with multiple synchronous interferers.

	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay range

	MTS-2
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB

-10 dB

3 dB

-17 dB
	none 

none

none

-
	 no delay

no delay

no delay

-


Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type.  The modulation for co-channel 2 will be either: GMSK or MUROS type. The modulation for adjacent 1 will be either: GMSK or MUROS.  Only configurations, where all interferers are using the same modulation type, are considered.
Interference performance shall be based on C/I1 for multiple external cochannel inteferers, where C is related to the received power accumulated from all subchannels in the serving cell and I1 to the received power of the dominant external cochannel interferer.
5.2.2   Asynchronous Network Mode

The link performance per each MUROS candidate technique shall be specified for the following asynchronous interferer scenarios:
a) for a new MTS-3 (MUROS test) scenario with asynchronous interferer
Table 5-4: MUROS Test Scenario 3 (MTS-3) with single asynchrnous interferer.

	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay 

	MTS-3
	Co-channel 1
	0 dB *)
	None
	74 symbols

	*) The power of the delayed interferer burst, averaged over the active part of the wanted signal burst. The power of the delayed interferer burst, averaged over the active part of the delayed interferer burst is 3 dB higher.


Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type.  
Interference performance shall be based on C/I for single external cochannel inteferer, where C is related to the received power accumulated from all subchannels in the serving cell and I to the received power of the single external cochannel interferer.
b) for a new MTS-4 (MUROS test) scenario with multiple asynchronous interferers






Table 5-5: MUROS Test Scenario 4 (MTS-4) with multiple asynchronous interferers.

	Reference Test Scenario
	Interfering Signal
	Interferer relative power level
	TSC
	Interferer Delay 

	MTS-4
	Co-channel 1

Co-channel 2

Adjacent 1

AWGN
	0 dB *)
-10 dB

3 dB

-17 dB
	none 

none

none

-
	74 symbols

no delay

no delay

-

	*) The power of the delayed interferer burst, averaged over the active part of the wanted signal burst. The power of the delayed interferer burst, averaged over the active part of the delayed interferer burst is 3 dB higher.



Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type . 
The modulation for co-channel 2 will be either: GMSK or MUROS type. The modulation for adjacent 1 will be either: GMSK or MUROS. Only configurations, where all interferers are using the same modulation type, are considered.
Interference performance shall be based on C/I1 for multiple external cochannel inteferers, where C is related to the received power accumulated from all subchannels in the serving cell and I1 to the received power of the dominant external cochannel interferer.
5.2.2.1  Interferer delay profiles

Interferer delay profiles for asynchronous network operation are foreseen to be specified to model the asynchronous network operation merely on link level in order to generate a specific link to system mapping table used by the network simulator running in synchronous mode. This is aligned to the proceeding in the SAIC Feasibility Study [3] as agreed at GERAN#38. The specification of these interferer delay profiles is FFS. 

Editor’s Note: A propsosal on interferer delay profiles has been submitted to the GERAN 1 Adhoc Meeting on MUROS on 8th/9th April in AHG1-080049. The discussion on these interferer delay profiles is ongoing.
5.2.3   Sensitivity  limited scenarios
The link performance per each MUROS candidate shall be specified for sensitivity with AWGN included both in DL and in UL. As agreed at GERAN#38 [GP-080947] the SNR is used both for downlink and uplink for sensitivity performance. Power backoff resulting from modulation specific peak to average ratio should be taken into account and be included in the performance results. In order to allow for a direct comparison with the reference case performance results should be calibrated in such way that the power of all subchannels will be accumulated and this total power then is used to define the SNR, both for DL and for UL.

5.2.4    Frequency Offsets
In addition a distribution function for frequency offsets shall be taken into account for each external interferer on DL. It shall be applied in alignment to [3] as follows:
· Normal distribution with N(50 Hz,17 Hz) for low band (850/900 MHz). 

· Normal distribution with N(100 Hz,33 Hz) for high band (1800/1900 MHz). 

5.2.5   Uplink Interferer Profiles
In uplink the same profiles MTS-1 through MTS-4 for external interferers are used. In addition the subchannels need to be modelled as described below:

· The link level analysis shall be performed for discrete values of the subchannel power imbalance ratios: 
· SCPIR = -15 dB, -10 dB, -5 dB, 0 dB, 5 dB, 10 dB, 15 dB. 

Note at least the performance for the worst subchannel is to be shown. 
· In addition distributions shall be taken into account for the timing alignment error of both subchannel transmissions and the frequency offset of paired subchannel and of external interferers: 

· 
Timing alignment error: a distribution function based on 0.0, 0.5 and 1.0 symbol is used as follows: 



a) Probability (0 symbols) = 50%,




b) Probability (0.5 symbols) = 25%, 




c) Probability (1 symbol) = 25%.

Note for b) and c) in half of the cases the interferer on the paired subchannel is advanced, and in half of the cases it is postponed related to the signal in the wanted subchannel. Timing alignment error is selected on a burst basis, i.e. independent between successive bursts.
· Frequency offset for the paired subchannel and for each external uplink interferer:
A distribution function for the frequency offset shall be taken into account since the MS frequency accuracy is ±0.1 ppm on UL as follows:
a) Normal distribution with N(100 Hz,17 Hz) for low band (850/900 MHz). 
b) Normal distribution with N(200 Hz,33 Hz) for high band (1800/1900 MHz). 

5.3  Network Configurations

Both blocking limited and interference limited scenarios are being evaluated to assess the performance of each MUROS candidate technique on system level. Three network configurations named MUROS-1, MUROS-2 and MUROS-3 are depicted in Table 5-6. Additional parameters for system performance evaluation are contained in Table 5-7.
Table 5-6: Selected Network Configurations for MUROS (revised after MUROS telco#1). 

	Parameter
	MUROS-1
	MUROS-2
	MUROS-3

	Frequency band (MHz)
	900
	900
	1800

	Cell radius
	500 m
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz
	2.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57
	12

	# TRX
	4
	6
	4

	BCCH frequency re-use
	4/12
	4/12
	N.A.

	TCH frequency re-use
	1/1
	3/9 (***) 


	1/3 ; 1/1 (**) 

	Frequency Hopping
	Synthesized
	Baseband 
	Synthesized

	Length of MA (# FH frequencies)
	9
	5
(BCCH non-hopping)
	4 ; 12 (**) 

	Fast fading type
	Flat / TU
	TU
	TU

	BCCH or TCH under interest
	Both
	Both
	TCH

	Network sync mode
	sync (async*)
	sync / async
	sync (async*)


                     
(*): depending on MUROS-2.


(**): reuse 1/1 with 12 frequencies requested by Vodafone post telco#1.


(***): Alternative TCH reuse 3/5.625 with Synthesized FH, MA length 8 and BCCH inclusion 
requested by China Mobile post telco#1 was removed at GERAN#38 [GP-080947]. 
. 
Table 5-7: Parameters for Evaluation of MUROS system performance. 

	Parameter
	Value
	Unit

	Sector Antenna Pattern
	UMTS 30.03, 90° H-plane, max transmitter gain: 13 dBi
	-

	Propagation Model
	UMTS 30.03, vehicular path loss model 
	-

	Log-Normal Fading: Standard Deviation
	8
	dB

	Log-Normal Fading: Correlation Distance
	110
	m

	Log-Normal Fading: Inter‑Site Correlation
	50
	%

	Handover Margin
	3
	dB


Editor’s Note: For sector antenna pattern an antenna type with 65° half power beam width in H-Plane was proposed instead of 90°antenna type at MUROS telco#5 and is under discussion.. 
5.4  Channel Mode Adaptation
Channel mode adaptation is often used in real networks, e.g. when channel conditions become worse at the cell boundary and switching to full rate mode becomes necessary. It makes use of an intracell handover, which may in case of MUROS be initiated more often due to bad signal quality than due to insufficient signal power, and is based on the specified speech codecs in Table 5-1. According to AHG1-080064 a sophisticated channel mode adaptation comprising switching between full rate and half rate channels is not required for the purpose of comparing candidate techniques. Instead the following approach has been agreed: 

a) For comparison of the candidate techniques a non-MUROS / MUROS adaptation as depicted in Table 5-8 below is applied:
Table 5-8: Channel Mode Adaptation for comparison of candidate techniques.

	Channel Mode Adaptation 
	Channel modes

	Type A0
	GSM HR (Reference case)

	Type A1
	GSM HR <-> MUROS (GSM HR)

	Type B0
	AFS 12.2 (Reference case)

	Type B1
	AFS 12.2 <-> MUROS (AFS 12.2)

	Type C0
	AFS 5.9 (Reference case)

	Type C1
	AFS 5.9 <-> MUROS (AFS 5.9)

	Type D0
	AHS 5.9 (Reference case)

	Type D1
	AHS 5.9 <-> MUROS (AHS 5.9)


b) For the complete candidate technique to be standardised, a channel rate change between full rate, half rate and MUROS channel type and vice versa as depicted in Table 5-9 needs to be evaluated:
Table 5-9: Channel Mode Adaptation for specification of the candidate technique.
	Channel Mode Adaptation 
	Channel modes

	Type E0
	AFS 12.2 <-> GSM HR (Reference case)

	Type E1
	AFS 12.2 <-> GSM HR <-> MUROS (GSM HR) 

	Type E2
	AFS 12.2 <-> MUROS (AMR 12.2) <-> MUROS (GSM HR) 

	Type F0
	AFS 5.9 <-> AHS 5.9 (Reference case)

	Type F1
	AFS 5.9 <-> AHS 5.9 <-> MUROS (AHS 5.9) 

	Type F2
	AFS 5.9 <-> MUROS (AFS 5.9) <-> MUROS (AHS 5.9) 


Editor’s Note: The impact on speech FER due to the usage of channel mode adaptation is currently under discussion. 
5.5  System Performance Evaluation Method

The following proceeding was agreed to assess the maximum network capacity gain:
· Step 1: The system is loaded without usage of MUROS candidate technique until minimum call quality performance is not anymore ensured.

· Step 2: The system is loaded with usage of MUROS candidate technique until minimum call quality performance is not anymore ensured.

· Step 3: The performance in terms of network capacity is compared against each other according to the definition:

Network Capacity Gain = 
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Two system performance capacity metrics listed in Table 5-10 are defined. These will be used for BCCH layer, for TCH layer and for total capacity.
                   Table 5-10:  Capacity metrics for MUROS evaluation.

	Capacity metric
	Unit

	Spectral efficiency
	Erl / MHz / Site

	HW Efficiency
	Erl / TRX


Note, results should be given in terms of gains relative to the reference case using legacy channel types only, as specified above  in Table 5-8 and 5-9.

5.5.1 Definition of Effective Frequency Load for Mixed Frequency Reuse
The following definition is provided to clarify calibration of system performance in terms of EFL in case of a mixed frequency reuse. This refers to the case that both hard blocking and soft blocking performance of MUROS are provided as function of EFL. A unique definition of EFL should be used throughout the vendors for performance comparison. This is needed in particular for network configurations like MUROS-1 and MUROS-2 including TCH channels for MUROS on BCCH and hence employing a mixed frequency reuse based on TCH layer and BCCH layer. This section proposes a unique definition for EFL in case of mixed frequency reuse, given in the equation below.
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with A being the supported traffic in Erl as determined by the simulation (the equation is valid for FR and HR channel modes, taking into account either full rate or half rate channel capacity as the number of supported simultaneous connections for HR channel modes A and D is supposed to be higher than for FR channel modes B and C in most cases),  NFreq the number of total frequencies composed of the TCH layer and the BCCH layer and av(NTS_per_TRX) the average number of available full rate channels or time slots per TRX derived from the total available timeslots for MUROS usage in both layers and the total number of TRX. 

An examplary determination of EFL is given hereafter.

Let us assume the network configuration MUROS-1 with 1 BCCH carrier and 3 TCH carriers. In this configuration the TCH layer uses a frequency reuse 1/1 with 9 frequencies equivalent to the length of the Mobile Allocation, whilst the BCCH layer utilizes 12 frequencies based on frequency reuse 4/12. Further assume both cases

a) legacy full rate channel mode (e.g. C0) and

b) MUROS full rate channel mode (e.g. C1).

For both cases the average number of timeslots per TRX is given by
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and the total number of frequencies is NFreq=12+9=21.

This yields for both cases  
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with Aa being the simulated supported number of simultaneous connections for case a) and Ab the corresponent one for case b) for evaluation against the hard blocking limit of 2% or against the soft blocking limit (average FER for MUROS FR ( 2%, for MUROS HR ( 3%). 

5.6  Definition of Minimum Call Quality Performance
The following criteria for definition of minimum call quality performance were agreed:

· 1st Criterion: blocked calls < 2 %

· 2nd Criterion: satisfied user criterion fulfilled.
· average call FER < 2 % for at least 95% users in case of  FR channel type i.e. for channel mode adaptation types Bx and Cx in Table 5-8.
· average call FER < 3 % for at least 95% users in case of  HR channel type,  i.e. for channel mode adaptation types Ax and Dx in Table 5-8.
· 3rd Criterion: performance of associated signalling channels shall not be worse than the current performance specified in 45.005. This will be based on link level performance evaluation.

Note that the criterion on dropped calls has not been included, as the study is  targeting on voice quality under the restiction of sufficient performance of associated siganlling channels. Nevertheless it is left open to the proponents of a candidate technique to add information on call dropped call rate. Note the average call FER threshold has been relaxed from 1% to the above values according to GP-080947 at GERAN#38.
5.7  Link-to-System Mapping 

Editor’s Note: This section will be added once an agreement upon a common Link-to-System mapping method and upon the method itself has been achieved. 

6 
Speech Capacity Enhancement using DARP 
6.1
Concept Description
6.1.1
Principle
DARP was specified to provide improved reception on the mobile station side when there is ACI or CCI. However, with good downlink signal quality there is little benefit from DARP. This concept uses this fact to enhance speech capacity. 

DARP can work quite successfully with CCI of 0dB. Therefore the network can assign the same physical resources to two mobile stations but allocating them different training sequence codes as depicted in Figure 6-1. Each mobile will receive its own signal (shown in black in the figure) and that intended for the other co-TCH user (shown in red in the figure). 
On the downlink, each mobile station will consider the signal intended for the other mobile station as a CCI. The receiving mobile station does not need to support any other enhancements than DARP. For optimum DARP performance, the two signals intended for the two different mobile stations should ideally be phase shifted by π/2 for their channel impulse response but less than this will also provide adequate performance. 

On the uplink each mobile station would use a different training sequence code. The network may use techniques such as joint detection to separate the two users on the uplink.
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Figure 6-1 Channel assignment for co-TCH operation

The above scheme is applicable to OSC signals (QPSK or alpha-QPSK) MUROS signals.  
Editor’s Note: This candidate technique refers to other candidate techniques – OSC and alpha-QPSK - which are not yet included in the TR. Once those candidate techniques are added some text alignment will be done. 
6.1.2
Downlink signal modulation schemes

DARP based co-TCH proposal is based on combining two base-band signals [6-3], although RF combining also works for feasibility demo [6-2]. 

For future MUROS deployment one way of generating the DL signal is to linearly combine the two GMSK baseband modulated signals and then feed into the RF modulator and power amplifier for transmission.
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Figure 6-2 Linear baseband combining for co-TCH

The DARP based co-TCH MUROS method also works with QPSK as well as GMSK modulation schemes.
In this section a case analysis of three different types of MUROS modulation schemes for DL signals and their spectrums is presented. They are

1. Linear sum of two GMSK signals (90 degree phase separation),

2. QPSK with liner Gaussian filter, and 

3. QPSK with RRC (roll off 0.3) filter.

6.1.2.1 Equal power level between two desired users

When two DARP phones with similar path loss are paired as MUROS callers, the power level provided to them should be the same. 

The I-Q plots for the three modulations schemes are shown in Figure 6-3.
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Figure 6-3 Baseband IQ plots for three MUROS DL modulation schemes 

It can be seen that two GMSK linear combination and QPSK with Linear Gaussian filter have very similar I-Q plots. 

6.1.2.2 Spectrum analysis

The spectrum analysis of the above three MUROS DL schemes are shown in Figure 6-4. Some difference is observed when compared with reference [6-4] and need further clarification. 
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Figure 6-4 Spectrum analysis for three MUROS DL signal modulation schemes 

The plots in Figure 6-4 show:

1. QPSK with RRC filter (roll off 0.3) spectrum is 10 dB higher than the GMSK spectrum between 140-200 kHz, which could have advert effect for capacity enhancement. It is also wider than the spec defined GMSK mask for useful part of the burst, and will increase ACI interference.

2. The linear combination of two GMSK signals has the same spectrum (curve overlapping) as normal GMSK signals as expected. It is within the spec defined GMSK mask for useful part of the burst.

3. QPSK with Linear Gaussian filter (8PSK pulse shaping) is similar to GMSK.

Based on these observations, it is proposed that two GMSK linear combination and QPSK with Linear Gaussian filter should be the candidates for MUROS DL modulation scheme.
Editor’s Note: The conclusion which candidates to be selected for MUROS will be included in last chapter of this TR.   

6.1.2.3 Different power levels between two desired users
It has been found that when the two desired signal have different RF strengths, non-zero crossing can be achieved. For example, linear combination of two GMSK signals with different separation angles the IQ plots are as shown in Figure 6-5. 


[image: image12]
Figure 6-5  I-Q plots for linear combination of two GMSK signals with different phase separation and 3dB power difference between the two MUROS signals

This could be very useful for pairing a high performance DARP phone with a non-DARP phone.

We propose to use 90 degrees phase separation as simulation showed that this achieves the best performance for two MUROS users.
6.2
Performance Characterization 

6.2.1
Link Level Performance
Link level simulation results using linear sum two GMSK signals for DARP based MUROS solution (co-TCH) are presented in this section.  

6.2.1.1

Sensitivity Performance

Sensitivity performance of two equal-powered MUROS co-TCH users on AHS5.9 has been simulated and shown the following figures. The simulations are for synchronous networks and for asynchronous networks it is FFS.

Table 6-1 Simulation assumptions for sensitivity scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	Static

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	AWGN

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20,000
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Figure 6-6 Sensitivity performance for co-TCH

It is clear that MUROS mode has 5 dB degradation compared to single user (conventional) mode. This is due to

1. The total power level of two co-TCH user is 3 dB higher than the actual desired signal to each of the two.

2. DARP does not deal with AWGN in general.

This also shows that MUROS mode needs 9 dB margins for AWGN (sensitivity) case.  For equal RF power co-TCH UE (0 dB ratio), 9 dB EbNo is needed for both, which is reasonable requirement for live network. 

6.2.1.2 
Interference Performance
6.2.1.2.1  Adjacent Interference Performance

The simulation results shown below are reflecting a DARP phone ACI performance. The carrier is the total RF power levels of the two desired users as required in MUROS studies.

It can be seen that MUROS call can sustain -7dB ACI. TU3 is marginally worse (0.1 dB) than TU50 due to lack of diversity introduced by high speed as expected.

Table 6-2 Simulation assumptions for ACI only scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	AHS5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	ACI (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 6-7 Link level performance for a single ACI only; TU3 and AHS 5.9
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Figure 6-8 Link level performance for a single ACI only; TU50 and AHS 5.9
6.2.1.2.2  Co-channel Interference Performance
With AHS5.9 of equal RF power levels, four callers can be on one MUROS TCH. They are the same kind of DARP phones that are cable of cancelling out the co-TCH user’s signal. Suppose they have the same performance and we present just one of the four MUROS callers.

The simulation results shown below are reflecting a DARP phone CCI performance. The carrier is the total RF power levels of the two desired users as required in MUROS studies.

Table 6-3 Simulation assumptions for MTS-1 scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-1

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20,000
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Figure 6-9 Link level performance for MTS-1 test scenario, TU3 and AHS5.9
Table 6-4 Simulation assumptions for MTS-2 scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-2 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 6-10 Link level performance for MTS-2 for different speech codecs

Table 6-5 Simulation assumptions for MTS-3 scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-3 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 6-11 Link level performance for MTS-3 with different speech codecs

Table 6-6 Simulation assumptions for MTS-4 scenario

	Parameter
	Value

	Speech codec
	AHS5.9

	Channel profile
	TU3 and TU50

	Audio Codec
	FS, AFS 12.2, AHS 5.9

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-4 (GMSK)

	Receiver type
	SAIC

	Rx filter
	Conventional

	No. simulated frames
	20, 000
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Figure 6-12 Link level performance for MTS-4 for different codecs
The above results show that 

1. DARP phone when used in MUROS mode need reasonable RF conditions. 

2. MUROS is particularly sensitive to ACI and CCI, as its capability has been committed to the co-TCH user. 

3. When there is strong interference then MUROS mode should be off and DARP capability used to cancel external interference. 

4. The results also showed that it is important to limit ACI and keep the spectrum as narrow as possible.
6.2.2
Network Level Performance

[to be completed]

6.2.3
Performance Summary

Two GMSK linear combine and QPSK with 8PSK pulse shaping used for EDGE are similar and keep the spectrum unchanged. They should be the candidate for MUROS DL signal modulation.

Editor’s Note: The conclusion which candidates to be selected for MUROS will be included in last chapter of this TR.
MUROS operation needs a few dB margin when compared with current GSM spec points. It is necessary for MUROS operation to work under comparatively better RF condition than normal operation (one caller on one slot) as expected. When the condition of the RF channel become less favorable to MUROS, network should switch the DARP phone back to its normal operation in which the DARP capability can be used for cancelling interference from other cells, as it was intended originally. 

Together with the originally intended DARP application, MUROS mode will make better use of DARP capability and enhance the capacity by 100% without changing the traditional frequency planning. Network system level study will be necessary to give in-depth indication of capacity gain under various conditions.

6.3
Impacts on the Mobile Station 

[to be completed]
6.4
Impacts on the BSS

[to be completed]
6.5
Impacts on Network Planning
[to be completed]
6.6
Impacts on the Specification
[to be completed]
6.7
Summary of Evaluation versus Objectives
[to be completed]
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Conclusions
Editor’s Note: This section will include conclusions on the proposed candidate techniques comparing the summaries of evaluation per candidate technique. It will also contain a recommendation for opening a work item related to one or  more specific candidate techniques.
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� 	For example for a share of new MUROS mobiles of 50 % remaining 50 % are legacy MS. Hence a share of  35 % is assumed for legacy MS without DARP phase I and 15 % for MS supporting DARP phase I. 


�  	Assuming a mean talkspurt duration of 1197 ms and mean silence duration of 1846 ms as defined by the Brady model [2], the total mean periodicity as the sum of mean talkspurt duration and mean silence duration is 3043 ms. Hence the activity factor of 60% yields the mean channel activity time of 1826 ms, which includes GSM specific signalling blocks (SID FIRST, ONSET, SID_UPDATE, NO_DATA).





� 	The duration of 60 ms cooresponds to a minimum talkspurt duration including SID FIRST and ONSET blocks (40 ms from VAD model + 20 	ms signalling). 


� 	This corresponds to minimum silence duration of 205 ms from VAD model reduced by 20 ms signalling blocks due to SID FIRST and 	ONSET.
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